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INTRODUCTION

OBJECTIVE

The purpose of this project was to determine the utility and effectiveness

of several techniques for reducing gun blast far-field noise. The techniques

that were investigated are in general applicable to guns of all sizes, from

pistols and rifles to very large artillery and naval guns. Primary interest

was in procedures and/or devices suitable for use on major-caliber guns such as

the 5"/54 naval gun. It was desired that the procedures or devices be suitable

for temporary use (e.g., during training and testing operations) on existing gun

systems, without requiring extensive modification of, or causing damage to, the

gun system or platform. Only a negligible effect on projectile trajectory could

be tolerated, and impact on training and testing operations was to be minimized.

Most of the noise reduction techniques that were investigated involve the

use of some type of muzzle device. The requirement that the noise reducing

device be suitable for use on existing gun systems severely restricts the allow-

able size and weight of the device. For example, very effective silencers have

been developed for pistols and rifles, but these devices are typically of about

the same size and weight as the gun barrel, and thus are obviously not suitable

for use on major-caliber guns. Hardware size and weight restrictions were thus a

major consideration throughout the project.

BACKGROUND

There are three sources of noise associated with firing a gun. These are

the muzzle blast that occurs when the projectile uncorks the high-pressure pro-

pellant gases, the bow shock (sonic boom) of the supersonic projectile, and

projectile detonation. Projectile detonation noise can be eliminated or reduced

by using projectiles that are inert or contain only a very small spotting charge.

The projectile bow shock noise field is discussed in some detail in another
1report and will be discussed only briefly here. Projectile bow shock exists in
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only a portion of the blast field, typically within a sector of about 600 to

either side of the line of fire. Within this region, bow shock noise level at

the earth's surface varies according to a complicated dependence upon projectile

trajectory, projectile speed along the trajectory, projectile size and shape,

and atmospheric acoustic refraction. The bow shock noise may be more significant

than muzzle blast noise at some field locations, especially near the line of

fire. Noise exposure due to projectile bow shock can be minimized by stopping

the projectile at the shortest possible range. It should be noted that a muzzle

blast noise reduction technique that has no effect on the projectile velocity or

trajectory will have no effect on the projectile bow shock noise field.

Reducing muzzle blast noise is a challenging problem, since muzzle blast is

an unavoidable effect of firing a gun. One approach is to use "no-fire simula-

tion" in lieu of firing for training purposes. This technique involves training

disadvantages and requires sophisticated and expensive simulation systems, and

so may reduce but probably not eliminate gunfire for training, and would have

only limited application for testing.

Under the proviso that the gun is to actually be fired, there are basically

two approaches to reducing muzzle blast noise:

1. Redistribute the blast field energy such that noise levels are decreased

in some regions of the blast field, at the expense of increased noise levels in

other regions.

2. Remove energy from the blast wave, resulting in decreased sound levels

throughout the entire blast field.

There are several potential methods of implementing these two basic approaches.

Naturally occurring atmospheric sound refraction can be used (but not control-

led) to redistribute blast field energy. This technique can be important for all
2-10

types of noise and has been extensively discussed in other reports. Methods

of implementing utilization of atmospheric refraction include field monitoring

of noise levels and ray-tracing algorithms based on meteorological sounding data.

Cognizance of atmospheric refractionfmust be a mandatory part of noise control
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procedures for far-field explosive noise, since the phenomenon can result in

result in noise level variations of as much as 50 dB for a given source.

A blast energy redistribution technique that offers more direct control of

gun muzzle blast noise levels is utilization of muzzle blast field directivity.

Recent studies 1') have shown that muzzle blast directivity amounts to approxi-

mately 15 dB throughout the far field; i.e., the peak sound pressure level (PSPL)

and C-weighted sound exposure level at a given distance from the gun are about

15 dB higher in front of the gun than behind the gun. Thus, in some firing range

scenarios, a measure of control of noise levels can be achieved by controlling

direction of fire as well as gun location.

PROJECT SCOPE

The current project consisted of further investigation of techniques and

devices for controlling gun muzzle blast noise levels. Conical muzzle devices

and a muzzle brake were tested to determine the degree of blast redistribution

due to such devices. Blast reducers of conventional silencer design, but small

and light enough to possibly be used with existing major-caliber guns, were in-

vestigated as a method of removing energy from the blast wave. Another technique

for removing energy from the blast wave, which was investigated in a preliminary

fashion, was to introduce into the gun muzzle region some substance that would

interact with and remove energy from the blast wave during or shortly after its

formation. Substances that were tried included water spray and aqueous foam.

The effectiveness of each noise reduction technique was judged according to

the amount of reduction in PSPL that was achieved.* It is generally agreed that,

for occasional noise events, unaided human hearing cannot reliably detect dif-

ferences in PSPL smaller than about 3 dB. On the other hand, a change of 10 dB

* It should be recognized that PSPL alone is not necessarily an adequate general

description of human annoyance. 1 0 , 1 2 , 1 3 ,14,1 5 However, PSPL is a good indica-
tor if duration and spectral energy distribution are not greatly changed, and
offers the advantage of being easily measured.

3



seems to correspond roughly to a factor of two change in subjective noisiness or

annoyance. Thus, any noise reduction technique that yields a change in noise

level of less than 3 dB is of little or no value in terms of reducing human

annoyance. A reduction of at least 10 dB was the goal of the present project.

BASELINE: BARE MUZZLE

The near-field peak overpressure distribution for bare muzzle guns has been

extensively documented. 16-22 Figure I shows a typical near-field peak over-
17*

pressure distribution. Figure 2 shows the same blast field expressed as PSPL

in units of decibels,** and Figure 3 explicitly shows the PSPL directivity rela-

tive to 1800 from the line of fire. This same near-field directivity information

is shown in different format in Figure 4. Also shown in Figure 4 is near-field

data for the 7.62-mm rifle used to obtain most of the data presented in this

report. It can be seen that the 7.62-mm rifle near-field peak overpressure

directivity agrees quite well with that of major-caliber naval guns. The general

validity of reduced-scale investigation of near-field gun muzzle blast has been

well established.1,16,17'18,
2 3

* This blast field is an average for a wide variety of naval guns. Similitude
was achieved by expressing radial distance from the gun muzzle in units of
calibers, one caliber being equal to the gun bore diameter.

- Peak sound pressure level (PSPL, or Lpk) is a logarithmic comparison scale
defined by

Lpk =10 log 1 0 ( 1 20 log0 P

0

inunits of decibels, where P = peak overpressure and P = 20 pP = 2.9 x_yi.m 0 o. a10 psi = reference overpressure for 0 dB. Further discussion may be foundin many references, for example Reference 1 or 10 of this report.
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Recent work '11 has shown that gun muzzle blast PSPL directivity amounts to

about 14 to 17 dB and is essentially constant for a given gun throughout the far

field.* The far-field PSPL directivity of the 7.62-mm rifle used in the present

investigation is shown in Figure 4. It has been shown' that the 7.62-mm rifle

is an adequate scale replica of major-caliber guns for purposes of reduced-scale

blast field investigation.

PROCEDURES AND APPARATUS

The noise parameter that was measured throughout the current study was peak

unweighted sound pressure level. Data acquisition was by means of Gen Rad

Model 1982 sound level meters. For measurement of PSPL, the meter control

settings used were "flat" weighting, "peak" detector, octave filter selector set

to "WTG" (broad band), and the range switch set to the appropriate decibel range.

Microphone attenuators (-10 dB) were used when PSPL exceeded 140 dB. The meters

were modified to make the PSPL value available as a constant voltage at the "DC

out" jack, output linear in decibel. This voltage was transmitted via land

lines, using a specially fabricated "line driver," from each instrumentation lo-

cation to an instrumentation van where the voltage values were sequentially and

rapidly recorded by means of a Datel Systems Model PDL-10 Data Logger. The re-

corded voltages were converted to decibel values during data reduction by means

of voltage versus decibel calibration curves previously prepared for each sound

level meter. The meters were also modified by installation of a small solenoid

used to remotely actuate (from the instrumentation van) reset of the peak and

hold circuitry. Sound level meters were calibrated before each test by means of

Gen Rad Model 1567 1000 Hz Sound Level Calibrators.

The 7.62-mm rifles used to obtain most of the data were mounted in an over-

and-under configuration on a machine gun tripod as shown in Figure 5. This

* Data have been presented for Adistances in excess of 100,000 calibers.
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arrangement allowed accurate and repeatable adjustments of gun train angle

(direction of fire), so that data could be obtained at various angles from the

line of fire without moving the instrumentation. Projectile bow shock was

eliminated from the blast field by means of bullet traps located a few hundred

calibers downrange from the gun muzzle.

Throughout this report the effects of the various muzzle blast noise re-

duction techniques are presented in terms of excursions of far-field PSPL from

the far-field directivity curve* shown in Figure 4. This data presentation is

meaningful since both far-field directivity and the effect of each noise reduc-

tion technique relative to the directivity curve are practically invarient

throughout the far-field, except for variations caused by atmospheric refraction.

Atmospheric refraction effects on the data were avoided to a considerable extent

by using two closely juxtaposed guns, one bare muzzle and one employing the noise

reduction technique. The guns were fired at about 10-second time intervals,

with a total of six rounds fired from each gun at each train angle of interest,

for most of the tests. The parameter of interest is the difference in noise

level for the two guns. This procedure relies on the assumption that atmospheric

propagation conditions do not vary significantly during a short time interval,

which is generally true for gross atmospheric temperature and wind structure.

Wind gusts or atmospheric turbulence can, nevertheless, result in significant

data scacter. Nearly all testing was conducted at night to take advantage of

relatively stable atmospheric propagation conditions and minimal winds. Data

scatter was further minimized by using ammunition from a single specially selec-

ted production lot. Further details of the test apparatus and procedures, in-

cluding some aspects not of importance to the results presented in this report,

may be found in Reference 1.

* These results may be translated into absolute levels through use of available
modelsl 14 I for bare muzzle far-field gun blast, expressed as a function of
distance from the gun, angle from the direction of fire, and gun elevation
angle for various atmospheric propagation conditions.

4

11



MUZZLE BRAKE

The far-field PSPL distribution of a muzzle brake was measured using the

7.62-mm rifle and procedures described above. The muzzle brake was a conven-

tional (open sides, flat top and bottom plates) single baffle design of 1.25

calibers inside length, 2 calibers inside height, 3 calibers wide flat baffle,

momentum index 21.2.* Far-field PSPL measurements were made at distances from

the gun muzzle and angles from the line of fire shown in Table 1.

The data shown in Table 1 exhibit effects of atmospheric refraction. These

effects can be removed to a considerable extent, as discussed under "PROCEDURES

AND APPARATUS," by examining the difference between PSPL values with and without

the muzzle brake. These values, shown in Table 2, show the effect of the muzzle

brake. It can be seen that, within the uncertainty limits of data scatter, the

far-field effect of the muzzle brake on PSPL is essentially independent of dis-

tance in the far field.

The averaged (for all four measurement distances) effect of the muzzle

brake, from Table 2, is shown in Figure 6 as excursions from the bare muzzle

directivity curve. The significance of the ±3 dB bounding curves (dashed lines)

is that data points that fall between the bounding curves represent an insigifi-

cant noise level change in terms of human perception of noisiness. It can be

seen from Figure 6 that the only significant change in PSPL caused by the muzzle

brake was an increase, in the region behind the gun.** The tested muzzle brake

and its blast field are quite typical of practical muzzle brakes. Hence, it can

be concluded that muzzle brakes are of little use for reducing far-field noise

disturbance.

*This muzzle brake is configuration No. 1 of Reference 24, geometrically
scaled according to gun caliber (bore diameter). 24

*- It is interesting to note that near-field directivity is preserved to fome
extent into the far field, as is the case for bare muzzle directivity as
illustrated in Figure 4.

12
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Table 2. Change in Far-Field PSPL Due to Muzzle Brake, 7.62-mm Rifle

Angle A PSPL (dB) @ R (calibers)
from
Direction
of Fire All
(degrees) 14,000 26,000 80,200 138,000 (mean)

10 -3.1 -3.3 -2.9 -3.0 -3.1

30 -2.4 -0.4 -2.8 -2.5 -2.0

50 -1.5 +0.5 -2.1 -2.5 -1.4

70 -0.6 -2.1 +0.1 -2.5 -1.3

90 +0.2 -0.2 +0.8 -0.7 0.0

120 +3.0 +3.1 +5.8 +6.4 +4.6

150 +5.3 +5.2 +7.8 +8.1 +6.6

180 +6.6 +5.5 +5.5 +6.2 +6.0

CONICAL MUZZLE DEVICES

The effects of conical muzzle devices on near-field gun blast have been re-

ported previously, 16,25,26,27 and some data regarding the effect on recoil
27

impulse is also available. In general, the effects are increased peak over-

pressure in front of the gun and in the remainder of the blast field, especially

behind the muzzle, and some decrease in peak overpressure. This amounts to en-

hancement of the bare muzzle directivity. Also,there is some increase in recoil

impulse.

The near-field blast study of SooHoo and Yagla26 presents typical near-field

conical muzzle device results, obtained using the 5"/54 naval gun. Peak over-

pressure data were presented for the bare muzzle -gun and for a conical muzzle

14
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device of 100 half-angle, 4.2 calibers in length, and with an initial inside

diameter of 1.05 calibers. Results are presented in Figure 7* in terms of the

change in PSPL due to the muzzle device. These results are quite typical of a

rather wide range of muzzle devices,27 including cones, cylinders, and parab-

oloids of various sizes. It can be seen that the increase in directivity is sub-

stantial in the near field, but decreases with increasing distance from the

muzzle.

Far-field effects on muzzle blast PSPL were obtained during the present

study for a conical muzzle device of 100 half-angle, with an inside length of

4.0 calibers and an initial inside diameter of 1.1 calibers. This muzzle device

is nearly a scale replica of the device of SooHoo and Yagla26 discussed above.

Data were obtained using the 7.62-mm rifle and test apparatus described earlier.

Results are presented in Tables 3 and 4 and in Figures 7 and 8. Figure 7 shows

the change in far-field PSPL explicitly, and Figure 8 shows the excursion from

the bare muzzle directivity curve.

A preliminary investigation28 of the effect of a conical muzzle device on

far-field muzzle blast also provided some data. The basic philosophy of the

experiment was quite similar to the 7.62-mm rifle tests; differences included the

guns (5"/54), firing interval, instrumentation locations, and that the guns were

fired on a fixed direction of fire, with field measurement locations varied by

moving the instrumentation. The two guns, located about 120 calibers apart, were

fired within about 30 seconds. One of the guns was equipped with a 100 conical
26

muzzle device identical to that used by SooHoo and Yagla. The test was fired

during daylight hours, under quite significant atmospheric refraction conditions,

with the result that no data were obtained at some of the desired field points

* The results for angles near 1800 may be strongly influenced by the presence of
the gun mount.

16
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Table 4. Change in Far-Field PSPL Due to 10'
Conical Muzzle Device, 7.62-mm Rifle Test

Angle A PSPL (dB) @ R (calibers)
from
Direction
of Fire All
(degrees) 14,000 26,000 80,200 138,000 (mean)

10 +3.2 +2.8 +3.5 +2.7 +3.0

30 +3.4 +3.7 +3.3 +3.3 +3.4

50 +3.4 +4.1 +3.2 +4.1 +3.7

70 +1.8 +1.7 +1.4 +1.5 +1.6

90 +0.2 +0.6 +1.6 +1.0 +0.8

120 -1.7 -1.2 -4.2 -2.6 -2.4

150 -0.8 -0.6 +1.7 +3.1 +0.9

180 +3.4 +5.6 +4.8 +1.7 +3.9

because they were located in a region of greatly reduced sound level. The re-

sultant data are shown in Table 5 and Figures 7 and 8; each datum in Table 5 is

the mean value from up to five test rounds.

The far-field data for the 10* conical muzzle devices exhibited rather large

scatter, so that any conclusions must be somewhat tentative. The presentation

shown in Figure 7 strongly indicates, however, that the near-field directivity

enhancement effect of the conical muzzle device is considerably decreased by the

time the blast wave reaches the distances (R ' 104 - 105 ) at which far-field data

were measured. Figure 8 illustrates that the change in far-field PSPL due to the
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conical muzzle device 1s generally smaller than 3 dB, and that even these reduc-

tions occur in only a limited portion of the blast field. Such a device i.ay be

of use, however, in some scenarios, e.g., at a firing range that can take advan-

tage of bare muzzle directivity and/or needs only a small increment of further

noise reduction to meet a noise regulation. It should be kept in mind that a

conical muzzle device is generally much lighter in weight than other noise reduc-

ing muzzle devices. Also, the noise reduction occurs in a region where projec-

tile bow shock does not exist, while the noise increase occurs in the bow shock

region and, thus, may be of lesser significance. Finally, the muzzle device

tested in this exploratory development project has not been optimized; it may be

possible to achieve increased directivity enhancement. In summary, it appears

that conical (or possibly other forms, e.g., paraboloid 27) muzzle devices are of

quite limited utility for noise control, but may find application in special

circumstances.

Table 5. Change in Far-Field PSPL Due to 100
Conical Muzzle Device, 5"/54 Naval Gun Test

Angle
from A PSPL (dB) @ R (calibers)
Direction
of Fire All
(degrees) 25,200 76,300 140,000 (mean)

30 +2.3 +2.6 +2.4

70 +0.6 +2.3 +1.4

110 -0.3 -0.3

150 -1.7 -]1.7
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BLAST REDUCER MUZZLE DEVICES

Many silencers have been built and tested,29,30 including some specifically

intended for use on major-caliber guns.3 1' 3 2  Reductions in PSPL of more than

20 dB have been achieved, generally by means of long cylindrical canisters with

internal baffles. Silencers that yield such dramatic noise level reductions are

generally quite large, often of roughly the same length and weight as the gun

barrel. These are not suitable for use on major-caliber guns except possibly in

special circumstances that would allow the device to be separately supported.

The objective of most previous silencer development programs has been to

achieve great reductions in blast overpressure, to the point of inaudibility in

the far field. Such dramatic reductions would certainly be very desirable for

noise control, but a smaller reduction in far-field noise level could still be

useful. The objective of this portion of the current project was to determine

the feasibility of a blast reducer muzzle device, i.e., a silencer of moderate

effectiveness, that might yield a useful reduction (-10 dB) in noise level and

still be small and lightweight enough to be used on existing major-caliber gun

systems without requiring additional support and without damaging the gun.

Very little information regarding the performance of such devices is avail-

able. An extensive parameter study was planned, using an adjustable blast

reducer muzzle device. The tests were carried out at reduced scale using the

7.62-mm rifle apparatus and procedures described earlier. The adjustable blast

reducer consisted of a cylindrical tube that was mounted on the gun muzzle and

could be fitted with a variety of parts to vary device length, internal volume,

and baffle shape, location, and number. The device is shown mounted on the gun

in Figure 5.

Only two configurations, designated as BR-A and BR-F, and shown schmatically

in Figures 9 and 10, were actually tested. These devices were of a size judged

to be at or beyond the limit of practicality for use on existing large guns. Re-

sults are shown in Tables 6 through 9 and Figure 11. Configuration BR-A, a

cylinder 8 calibers long and 5 calibers in diameter with three curved baffles
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Table 7. Change in Far-Field PSPL Due to Blast Reducer BR-A

Angle
from A PSPL (dB) @ R (calibers)
Direction
of Fire All
(degrees) 14,000 Z6,000 80,200 138,000 (mean)

30 -5.1 -4.7 -3.5 -1.3 -3.6

90 -4.1 -3.0 -1.7 -5.4 -3.6

150 -0.7 -2.4 -4.0 -9.1 -4.0

spaced at 2 caliber intervals, yielded a PSPL reduction of -4 dB. Configuration

BR-F, a single curved baffle design with an expansion chamber, yielded -5 dB

reduction in PSPL. Reductions of these magnitudes probably do not justify use of

such large, heavy muzzle devices.

WATER SPRAY

An interesting concept for gun blast noise reduction is to introduce some

substance into the muzzle region that could interact with and remove energy from

the blast wave. It would be desirable for this substance to be cheap, easily

handled, and of minimal environmental impact. A substance that comes immediately

to mind is water. The total energy released by the propellant of a 5"/54 naval

gun is on the order of 5 x 106 ft-lb (1.6 x 106 cal), which is equivalent to the

heat of vaporization of a few liters of water. Actually, less than half of the

propellant energy goes into the blast wave. 3 3  A difficulty is that the time

available for the energy interaction to occur is very short.
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Table 9. Change in Far-Field PSPL Due to Blast Reducer BR-F

Angle
from A PSPL (dB) @ R (calibers)
Direction
of Fire All
(degrees) 14,000 26,000 80,200 138,000 (mean)

30 -1.3 -1.1 -0.5 -1.9 -1.2

90 -3.5 -3.3 -7.2 -6.7 -5.2

150 -4.4 -4.2 -8.6 -5.5 -5.7

A preliminary feasibility investigation was conducted to determine if sig-

nificant noise reductions could be readily achieved by means of water spray. Two

series of exploratory experiments were performed, using the 7.62-mm rifle and a

40-mm naval gun, respectively. Water spray was provided for both tests by fire

department equipment, specifically a "Grant Gun" equipped with a "Fog Hog"

nozzle, with water supplied from a hydrant by means of a pumper truck and 3-inch

diameter fire hose; flow rates were on the order of hundreds of gallons per

minute. The nozzle was adjusted to give the finest spray (smallest droplet size)

attainable; no other control or measurement of droplet size was attempted. The

water spray obtained appeared to be a fine, dense mist, i.e., the droplet size

appeared to be quite small by ordinary standards, although they were very prob-

ably much larger than micron-size. The spray was directed at about 901 to the

line of fire, from a point to one side of the muzzle that resulted in the muzzle

region being engulfed by fine, dense mist, as shown in Figure 12. The mist was

so fine as to be greatly affected by even moderate wind.

The 7.62-mm rifle experiment used the rifles discussed earlier, shown in

Figures 5 and 12. The gun muzzles were covered by a small piece of tape to pre-

vent water entry. The firing procedure was to first establish suitable water
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spray, fire the lower gun, turn off the water spray, and finally fire the upper

(baseline) gun; elapsed time between firing of the two guns was about 10 to 12

seconds. Instrumentation consisted of six Gen Rad Model 1982 sound level meters

and the automated data recording system described earlier. Instrumentation field

locations were at 45, 90, and 1350 to either side of the line of fire, at a

radial distance of 4,000 calibers from the gun muzzle. Projectile bow shock was

eliminated from the blast field by means of a bullet trap.

Results of the 7.62-mm water spray experiment are shown in Table 10. The

average reduction in PSPL due to the water spray was only 1.6 dB, a reduction

large enough to be interesting but not large enough to be useful.

Another water spray experiment was performed using a fairly large gun, the

40-mm naval gun. Far-field instrumentation and data acquisition apparatus was

similar to that for the 7.62-mm rifle, except that only four Gen Rad 1982 sound

level meters were used, located 90 and 1350 to either side of the line of fire

at a radial distance from the muzzle of 1,143 calibers. Near-field overpressure

was also measured by means of two Ostronics Model PB-200 pencil-type blast

gages pointed at the muzzle and located at 450 right, 66 calibers and 1050 right,

55 calibers; data was recorded onto a Honeywell Model 5600 tape recorder.

The gun was a standard 40-mm naval gun with the conical "flash hider" muzzle

device removed and was fired at an elevation angle of approximately 00. The

muzzle was covered with 4-mil plastic film to prevent water entry. Ammunition

consisted of standard service propelling charges and Mk 2 inert projectiles. No

attempt was made to stop the projectile to eliminate projectile bow shock from

the blast field; no measurements were made in the bow shock region of the far

field, and the bow shock PSPL is much smaller than the muzzle blast PSPL in the

near field. The water spray in all cases was directed at •900 to the line of

fire, with the spray apparatus located at various positions as required, for

various spray nozzle adjustments, such that the gun muzzle was engulfed in the

fine mist portion of the spray pattern. Flow rate throughout the test was

approximately 600 gallons/minute. Because the gun had to be reloaded before each

shot, elapsed time between water spray and bare muzzle shots varied from 40 to

120 seconds.
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The results of the experiment are shown in Table 11. The overall average,

for near-field and far-field data, of the change in PSPL due to the water spray

was -2.5 dB. The far-field data exhibited considerable scatter, but on the

average the PSPL values for near field and far field agreed fairly well. Spray

configuration seemed to have little effect on change in PSPL as long as the gun

muzzle was engulfed in the fine mist region of the spray (spray configurations

B, C, and D); for these cases the PSPL reduction was about 3 dB, compared to

about 1.5 dB for spray configuration A (muzzle engulfed in the high-velocity jet

region of the spray pattern).

The PSPL reduction of about 3 dB that was obtained is of little utility for

noise control except possibly under special circumstances.* The reduction is,

however, large enough to be interesting, and perhaps merits further investigation

(no further investigation was undertaken during the current project).

It is difficult to speculate on what changes should be made to the water

spray characteristics, since the phenomenological mechanism that produced the

PSPL reduction is not known. It seems plausible that a dense concentration of

much smaller droplets might be required, which would make the mist even more

susceptible to disruption by wind.

FOAM

Recent experiments 3 4 ' 3 5 have shown that foam can yield large reductions in

airblast PSPL from explosive charge detonations. In these experiments, the ex-

plosive charge was engulfed in aqueous foam such as is used in firefighting. A

preliminary investigation into the utility of foam for reducing gun muzzle blast

noise was carried out as part of the present project.

The foam that was used in this initial investigation was shaving cream, con-

tained in a small (diameter ý2O calibers) plastic bag taped to the muzzle of the

* See "CONICAL MUZZLE DEVICE" section for further discussion.
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7.62-mm rifle, with the gun muzzle located approximately at the center of the

foam mass. A small piece of tape over the muzzle was used, as a safety precau-

tion, to prevent entry of foam into the gun barrel. Apparatus and procedures

were similar to those discussed earlier; data was obtained only at 90* from the

line of fire. Resultant data is shown in Table 12.

The foam produced about a 10-dB decrease in muzzle blast PSPL. The data

clearly shows that the effect was not due to the tape over the muzzle or the

presence of the plastic bag. These results were extremely encouraging, espe-

cially in light of the small reductions obtained by other techniques, and moti-

vated an expanded investigation. Results of that investigation are reported
36,37

under separate cover.

SUMMARY OF CONCLUSIONS

1. Muzzle brakes yield a small decrease in noise level in front of the

gun (in the projectile bow shock region) and a fairly significant increase behind

the gun and, hence, are not expected to be useful for gun blast noise reduction/

redistribution.

2. Blast focusing muzzle devices yield small increases in noise level in

front of the gun and small decreases behind. Such devices, being relatively

lightweight, may be of limited use for noise control under special circumstances.

3. Blast reducing muzzle devices (silencers) that yield large noise level

reductions are very heavy; those that are light enough to be used on existing

large guns yield insignificant noise level reductions.

4. A preliminary (and somewhat cursory) investigation of the feasibility of

using water spray to reduce gun blast noise levels yielded only small (-3 dB)

reductions in PSPL. The water mist was quite susceptible to disruption by wind.

5. A limited preliminary investigation of the use of foam to reduce gun

blast noise was quite encouraging; a 10-dB drop in muzzle blast PSPL was obtained
37on the first try. Further investigation is reported under separate cover.
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